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L INTRODUCTION

The finite element code may be used to analyze plane strain and
axisymmetric, quasi-static, soil problems, including consolidation effects. The
soil may be modeled using either linear elasticity or the "ounding surface
plasticity model for cohesive 0il". The program is written in modular form so
that other soil models can be easily incorporated. The theory underlying the
analysis is described fully in the accompanying report [1].

The user's manual is divided into six parts: Introduction, Input, Output,
Explanatory Comments, References and Example. The Input section gives in
outline form, the sequence of information required to describe the problem to
be analyzed. Only the briefest notes of explanation are included in this section.
Until an analyst becomes familiar with the program he or she will need to refer
to the last section of the manual where detailed explanations and examples are
given. The manual assumes general familiarity with finite element methods;

novices in this area are referred to a standard text such as [2].

DTIC Accessiqg For yd

ELECTE NTIS GRAXI | 4

. DTIC TAB 0

FEBY 1884 Unannounced O
Justificatio

B .

By.

pistribution/
Availabi;it_.y Codes
Avail and/or

Pt aVat TN T Yot s e e - O
DR A R A I A Y )




T T e 2 ) -

Ny

b,
B L INPUT

' of records (cards):
*}g Al.  Title Card (13A%):

3 Columns

A -
ko 5 QUIT
- 6-10 GRIDW
By

3

% 15 1FLOW
,"’1‘9' 16 - 20 el

&

o

.r

& %-3 a

M

N

31 - 35  NFUNMX
"

% 36 - 40 IFUNSZ
s 41 - 45  MATMX
Ly

% - 50 NCOFMX

x

5 51 - 55  NPTMX
N 5% - 60  NELMX
3 . 6l - 63  NDSPMX
B

‘:t

>

___________________

{

{

R P R Sl hat ) !

A

The required input data is entered by means of the following sequence

Any information that is to be printed as the title of the problem.

Control Card (L3, F5.0, 15, F5.0, I5, F5.0, 715)

analysis after

T(rue) - stop
mesh generation

F(alse) - do not stop

grid generation parameter (0.0 -"isopara-
metric" grid, 1.0 - "Laplacian" grid)

unsaturated problem - no water flow
1 saturated problem - water flow

parameter controlling numerical inte-

gration in time

0 - plane stress analysis
1 - plane strain analysis
2 - axisymmetric analysis

parameter controlling "reduced" integra-
tion of volume term

Upper bounds on dimensions (used to establish dynamic storage
allocation, all values except NCOFMX > 0):

no. of history function specifications,
Section Bl

greatest no. (M) of points used to describe
a given history function, Section Bl

no. of materials, Section B2

no. of initial state descriptions, Section
B3

the largest node number, Section B4
no. of elements, Section BS

no. of node point specifications, Sec-
tion B6

’*‘\ R y [ 8

------
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A3, Gravity Card (2E10.3,

Columns

1-10
11 - 15

16 - 25

26 - 30

AS.  Nonlinear_Analysis Card (15, F5.0, 315, 2E10,3):

Specification of desired iteration options (leave blank for a nonlinear

problem )

Columns

11 - 15

16 - 20

25

26 - 33

36 - 45

* after the 2nd

Mg

l'l-lo =

0.08<0.5

ITMAX

IRPET

ITFAC

o

ERMAX

)

15)

acceleration of gravity (magnitude)

history function number for magnitude of
gravity

angle (in degrees) that gravity makes with
negative y(z) axis

history function number for 0 g

{0 linear problem terminated

1 . . is if convergence

2}nonhnear problem-job ;is not§ does not
occur

parameter controlling Newton-Raphson approx-
imation (0.0 gives the tangent stiffness
method; 0.5 gives the method of successive
approximation

maximum number of iterations permitted in
any sinﬁle solution increment (default
value = 5

0 iteration »
K reform stiffness matrix every }K-th iteration

T(rue) variable acceleration factor applied to
F(alse) solution vector components

places limits of 1I/FL > () > FL on the
acceleration factor when ITFAC = T (default
value = 0,3)

convergence criterion for the solution vector
(default, value = 0.01)

[}
DA U PO L LA L S R e,
RN, e AT ‘j N \\ N 4_ S.\ h) ',\..



? Bl. A card with a 1 punched in column 1 followed by (if no history function
3 specifications are required, this section is omitted entirely):

History Function Descriptions: The following cards are required for each
distinct function (History functions

numbered -3, -2, -1 and 0 are explicitly
{‘; defined in the program, see Explanatory
Notes, and thus no input is required):

Ist Card (1X, I8, I5):

Columns

2- 5 H function number (> 0)

6 - 10 M
P 2nd_Card(s) (SE10.%):

‘\é As many cards as needed to specify the M pairs of values (F_, t )
which defines the function. The initial card contains the valies ¥,
ty, Fo tose, Fy, t,. Subsequent cards, if required (M > 4), contain
tllue values FS’ tgyeem FM’ tae

number of points needed to define the function

o

N e
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B2 A card with a 2 punched in column 1, followed by:

g Material Properties Array: The following information must be supplied
for each distinct material:

A Ist Card (1X, I8, 15, 6E10.3)
S | Columns

2- 5 NMAT material number

1 - isotropic linear-elastic

e 10 ITYP = ¢{ 2 - anisotropic linear-elastic
NS 3 - bounding surface plasticity model for
§ cohesive soil
-2 p = soil density+

. 21 - 30 Py = fluid density++

: 31 - 40 r = bulk modulus for fluid and soil particles
ol 51 - 60 k* = effective soil permeability coefficients
e 61 - 70

2nd Card (8E10.3):
Columns ITYP = | ITYP = 2 ITYP = 3

1-10 E Dy, A

11 - 20 v D;z K
21 - 30 Dys3 M.
31 - %0 D,y R,

: a1 - %0 Dy, A,
; 51 - 60 Dy, T
by 61 - 70 Dy Py

71 - 80 Dyy vorG

+ | the acceleration of gravity (y - 'ec.on A3) is taken as unity then p
and Py are unit weights, s

++ If it is desired to use "excess" not total pore water pressure then Py is
set equal to zZero - see explanatory comments,

i, 5
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3rd Card (8E.10.3) - required only if ITYP > I:

g PO

Columns ITYP = | ITYP = 2 ITYP = 3

e

1-10 Dy, Pa

N o

3
"

11 - 20 Dys I' (Duplicates value on "Ist can
21 - 30 m

R AR A

31 -

3
4

41 - 50 h2
51 - 60 n = Melllc
& '-, v 61 - 70 u = hen\c

+ {5 a
IR AN
t

wif e W

T4 71 - 80 r = ReIRC

&th Card (3E10.3) - required only if ITYP = 3:

Columns ITYP =1 ITYP = 2 ITYP = 3

1Y - _

Ny 1-10 a=AJA,
b3 11 - 20 c

21 - 30 s

T
o o
WS

* .h‘f"

Py A PR IR, IV (e, T P

. "
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N B3. A card with a 3 punched in column 1, followed by:

P

¢ N Initial State Information: The following information must be supplied for
) each non-trivial initial state (this section is
Ry omitted if no information is required)*

LV 1st Card (1X, 18, 6E10.3):

é&, Columns

2- 5 ISNO = state number

O

A 6 - 15 a, = initial effective, vertical stress distr-

A ibution, in the form o, =a; +ay

o 16 - 25 a,
: % - 35 b, = initial effective, horizontal stress distri-
| bution, in the form o, =b, + by

Y 36 - 45 b2

3

‘:’ 46 - 55 < = initial pore water pressure distribution,

in the form h = Cp +Cy¥

& 56 - 65 c,

R

™, 2nd Card (§E10.3)

¥ 1-10 dl = initial void ratio distribution, in the form
59 -2 4 i

BN 21 - 30 € = initial preconsolidation pressure distri-
) bution, in the form P = e, + ey

iPw 31 - 40 e,

83

o * The initial state of 0 = 0, = h=e =P = 0, is given the number zero
- and is built into the Krogra'\?n. The equatigns a) +ay, etc, assume plane
conditions, For axisymmetry, the vertical coordinate %irection is z instead
§::» of y, and the distributions are then of the form o = a; + ajz, etc.
KJ:

4

e

%)

h

s

o

b2 7

5

1R
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: BA, A card with a & punched in column 1, followed by:
R Node Point Array (1X, 18, 2E10.3, 15, 3E10.3: As many cards as are
necessary to specify the
locations of all nodes in
- the system which are not
3, to be generated by
< means of the "interior"
<. generation scheme:
. Columns
f: 2. 5 N = node point number
N
N 6 -15 = x(r) - coordinate
J 16 - 25 Y = y(z) - coordinate
G 2% - 30 INC = numbering increment quantities
N associated
31 - 40 D = spacing ratio with the
) straight and
41 - 50 XC c coordinates of some curved line
1 point on the generation
. 51 - 60 YC interior of the options

circular arc




- P 3 d o Sta 2
AR ¢ SRR AL B LI A A RS Pl (8 LIRS I e e R B A AR =l

o
.'5\.
(A"
:" BS. A card with a 5 punched in column 1, followed by:
N Element Array (1X, I8, 915k As many cards as are necessary to specify
" all elements in the system:*
L
j; Columns
"- 2- 5 = the numbers of the four node points
' 6 - 10 which describe the quadrilateral or
o 11 - 15 triangular** element (reading counter-
i:. 16 - 20 clockwise around the element
130
:C\ 21 - 25 MN = material number (corresponding to the
NN appropriate material description of
i section B2)
2 26 - 30 ISNO = initial state number (corresponding to the
;‘h} appropriate initial state description of
:: section B3)
'\ 31 - 35 NMISP = number of additional
. elements in the layer
" quantities
s 36 - 40 INCRP - numbering increment associated
| }\}.‘ for elements within ) with the
) the layer element
generation
oo 41 - 45 NMIS - number of option
':‘q additional layers
T
T % -5 INCR =  numbering increment
TV for the layers

- %

* The order of the element cards need bear no relation to the actual location
of the elements within the body. The order will determine the assigned
"element numbers,”

,
L LA

J-’a
: -

** For a triangular element the forth node number is set equal to the first.

- "0

L
DY
P

.

Lol
VLY
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I B6. A card with a 6 punched in column 1, toilowed py:
& Node Point Specification Array (1X, 18, 3(I3, 12, E10.3), E10.3, 215, 2F3.0):
Q.'.!‘"
:‘:\1 As many cards as are necessary to specify known
kx‘ nodal displacements, loads, water flows and pore water
[ pressures.
. Columns
» ':~ 2- 5 N = Node point number
N
hats.! 6- 8 M, - history function number (Section Bl) for
the l-coordinate direction
o<y - of, . force
N 10 IF, = lfmdlcatoss that a known z displacementi
B is specified in the l-coordinate direction
B
: . . force
- *
- 11 - 20 Vl = magnitude* of the specified gdisplacementi
f&; for the l-coordinate direction
Y
Ny 21 - 23 H, =  history function number (Section B1) for
o the 2-coordinate direction
of. . force
4 25 IF, = l%mdlc:ates that a known ; displacementi
e, is specified in the 2-coordinate direction
&“ % -35 V., = magnitude* of the specified { {o7C®
Ay 2 - displacement
N for the 2-coordinate directi
WON 36 - 38 H; = history function number
LN - o water flow
s 40 IF3 = l}mdu:ates that a knownipore water pressure
NN is' specified
5 _ _ . . ‘ water flow
% 41 -5 Vy; =  magnitude* of the specnfied;pore ot pressm;
‘
A
N 51-60 O =  angle (in degrees) between the
n x,-axis and the x(r)-axis
I 61 -65 N = final node point
f.,:j in the sequence quantities
e associated
il 66 - 70 INC = numbering increment for node with the
-— points in sequence node point
AN specification
- 71 - 75 PN = values of linear varying generation
pressures applied at points option
O 76 - 80 Py N and N' respectively**
Ty’
o * In all cases the actual value of the prescribed quantity is the product
:ﬁ: of the "magnitude” and the value of the specified "history function”
"
Eﬁ ** The history function number of P must be prescribed in IH, and IH,
%<
— 10
o
u‘..ﬂ
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B7. A card with a 7 punched in column 1, followed by:
Solution History Segment Information (1X, I8, 2E10.3%: One card for

each history
segment into
which the incre-
mental analysis

is subdivided:*
Columns
2- 5 NMIS - number of solution (time) increments into
which the history segment is subdivided
6 - 15 TIME = time at the end of the history segment
16 - 25 D = incrementing ratio controlling the time-

step lengths within the history segment
(default value = 1.0)

C. End Card (I1: A card with an 8 punched in column 1 to denote the end
of the input data for the given problem.

The above sequence of cards Al + C are repeated for each additional
analysis in the "stack”.

* note that the analysis begins at time t,=0

11
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-_:_-:7: M. OUTPUT
-;\ The output from the program consists of an echo print of material
. properties and solution parameters, the generated node and element data,
.
: messages for detected data errors, and finally for each time step the probiem
L
A O :
*;:?,; solution. When data errors are detected, the program aborts the job after the
ol printing of the input data and proceeds to the next job in the stack of data.
The message "data error in element I" is triggered by a computed negative area
a for one or more of the four triangles formed by three successive vertices of
i . the element. Such a negative area is a result of either an improperly shaped
)
i“{' element resulting from a poor mesh selection, a data error in entering node
-, '3 point coordinates (often for one of the nodes defining the element in question)
; } or element data (including entering the nodes CW instead of CCW - assuming
R the coordinate system to be right-handed).
QA
*""" The print out of the node point specifications includes any concentrated
" node point forces (in x-y components) resulting from specified surface pressures.
N
::',: The printed values of strains, stresses, etc.,, at a given time step, are
x'_-.‘
’ the values accumutated to that point in time including initial values. The
,‘- stresses are effective stresses (tension positive). The pore water pressure (units
Ll
N of stress - compression positive) will be either total pressure or "excess" pressure
n!
(s depending on user preference, see Section B2 in part IV,
e, The headings for the solution output, are self explanatory with the pdssible
< -
!
-§'_:: exception of h which denotes the pore water pressure.
3!
c:ﬂh-.‘
« ot
33
\l
A Y
N
“1a
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¢“ IV. EXPLANATORY NOTES REGARDING THE INPUT

& General Comments:

v The following comments hold for Sections Bl + B7. For example, consider
,‘_ Section B4. The first card in the Section contains the number 4 punched in
§» column one; it has no other information (only one such card is used). It is
e followed by as many additional cards as are needed to define the node point
Ay data. The first column of each of these cards is left blank.

;3 It is the responsibility of the user to maintain consistent units. The units
" used to describe gravity (Section A3), and the material properties (Section B2)
"g must be consistent with those used to describe the initial state (Section B3),
:5 the geometry of the body (Section B4), and the node point specifications (Section
ok B6). The solution is expressed in the same units as the input.

4{\4 Because the bandwidth NBAND of the simultaneous equations is determined
1:“ by the numbering of the nodes, an optimal node numbering scheme is required
to minimize the computational cost of a given finite element analysis. The
' bandwidth resulting from a given numbering scheme is computed in the following
23?{::- manner:

N i) Denote the span for any two nodes of a given element as Ni’ where
f;:: Ni is equal to the absolute difference in the node numbers.

\5' ii) Denote the maximum value of N, for a given element j as NEj.
:5‘ i iti)  Considering all elements in the system, denote the maximum value
3 of NE.i as NE_ .

o iv)  The bandwidth is then given by the expression NBAND = (2 +
: IFLOWMNE ___ +1)

-.1’3 Since NE, .« is directly related to the bandwidth of the simultaneous
’ equations, in numbering the nodes it is this quantity that should be minimized.
ERs:
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Section-by-Section Comments:

The section numbers used below correspond to the section numbers of
part II. INPUT, thus, in order to find information conceming the input for B6
(Node Point Specification Array) the reader should refer to Section B6 below.
In addition, within a given section items called out in the input are typed in
bold. For example input items 8 and ITMAX which are required for input Section
A% are type in bold where they are discussed below in Section A4, The theory
underlying the analysis is only superficially treated here; for a more complete
discussion the reader is referred to [l1].

Al. Title Card

The title serves to identify the particular problem under consideration.
A2, Control Card

if a T(rue) value is specified for IQUIT the analysis terminates after the
mesh has been generated and printed. This option should be used for the first
run of a large problem in order to avoid wasting computer time analyzing
incorrect data. If data for several problems is contained in the stack, the
program skips the time history data for the terminated job and proceeds to the
next problem.,

For the precise meaning of the grid generation parameter GRIDW the
reader is referred to [3] (GRIDW = 1.0 - w, where w is defined in [3]). In
general a value of GRIDW = 0.0 is recommended; for those very rare cases
where this results in a singular set of equations for the grid generation process,
a value of .05 is recommended,

The code IFLOW distinguishes between saturated conditions where water
flow occurs (or a potential for water flow exists - ideal undrained conditions)

and unsaturated conditions.

14
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When IPFLOW = 1 the soil density (or unit weight if the acceleration of
gravity is taken to be unity) p, specified in Section B2, refers only to the soil
skeleton (unsaturated soil). The printed stresses are the "effective stresses" and
must be supplemented by the pore water pressure to obtain the total stresses.
If it is desired to exactly model "“ideal undrained conditions" (no movement of
water), the effective permeability of the soil should be set equal to zero (Section
B2).

When IFLOW = 0 the soil density g must include the mass (or weight)
of any water present in a partially saturated soil (the pore water pressure is
assumed to be zero and water is assumed not to flow). The printed stresses
are total stresses.

Conditions where part of the soil mass is unsaturated and part is saturated
can be modeled by specifying for the unsaturated soil a very small bulk modulus
I' for the water (and soil particles - Section B2).

The parameter © 1 determines the approximation used for the time
derivatives in the governing equations (see ‘[l]); values between 0.5 (Crank-
Nicolson) and .67 (Galerkin) are recommended ([2].

For axisymmetric analyses (MTYPE = 2) all x and y notations refer to r
and z.

The parameter a determines the finite element approximation used for
measuring volume change (see [1]). When IFLOW = 1, a value of 0.0 is
recommended unless solution oscillation is a problem in which case a value of
.l is useful. Except for nearly incompressible linear elastic materials, when
IFLOW = 0 a value of 1.0 is usually preferable,

All arrays in the program whose dimensions are problem dependent, are
dynamically dimensioned. The values MATMX, . . . NDSPMX contain information

for this purpose, all these quantities, with the exception of NCOFMX, must be

15
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greater than zero. The value of MATMX, etc. are upper bounds and thus, unless
it 5 desired to absolutely minimize storage requirements, need not be equal to

the actual number of specified materials, etc. When specifying the values

-NELMX and NDSPMX, it must be remembered to count those elements and

specifications which are included by means of the generation options.

In the dynamic dimensioning of the program, separate arrays were used
for interger and floating point numbers in order to avoid difficulties for computers
that use different word lengths for the two. The program has been coded so
that 16 bit integers may be used if desired.

The dimensions of the program are controlled by two quantities “long"
and "longi" specified in "PARAMETER" statements at the beginning of the
program; these quantities must satisfy the following inequalities.
longi > NFUNMX + NPTMX + 5*NELMX + (3+[FLOW)*NDSPMX + 1
long > 26*MATMX + 2*NFUNMX*IFUNSZ + NCOEF*(NCOFMX + 1)

+ [2 + 4%2 + FLOW)]*NPTMX + (3 + IFLOW)*NDSPMX
+ LONGEQ

Where LONGEQ is the space set aside for solving the system of equations by
means of a block, constant bandwidth equation solver. If the bandwidth of the
equations is denoted as NBAND, then the minimum value for LONGEQ is
NBAND*NBAND (only a single equation would be contained in each equation
block); if it is desired to solve the equations entirely in core then it must have
a value > NBAND*(2 + IFLOW)*NPT. In general it is recommended that LONGEQ
exceed the minimum by at least 30%. The calculation of the bandwidth NBAND
is discussed in the general comments at the beginning of this part of the manual.
A3, Gravity Card

Gravity g can be input either in terms of the acceleration units appropriate
to the system of units selected for the problem (32.2 ft/sec? for English units)

or in terms of multiples of the acceleration of gravity at sea level (i.e. g = |

16
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% for a field structure); the corresponding meanings of P and L (Section B3)
‘ would be mass densities in the first case and unit weights in the second. That
is the product pg must have units of weight per unit of volume.
g The histories of the magnitude g and direction 08 of gravity are specified
3 by the history function numbers (Section Bl) ng and THg. A pre-existing gravity
Ly loading of a field deposit can be modeled by initializing the stresses and pore
water pressure (Section B3) to their proper values and setting ng = Hg = -3.
" The history of the effective gravity loading on a centrifuge model during "spin-up"
; ) can be modeled by describing in Section Bl a history function corresponding to
S the centrifuge velocity history for the test; in the case of a fixed bucket both
-.; g and 6 g would vary with time, while for a swing-up bucket only g would vary,
. AS, Nonlinear Analyais Card
E For a linear elastic problem, NONLIN is set equal to zero and the rest
of the card is left blank. For problems using the bounding surface plasticity
N model, NONLIN is set equal to | or 2 depending on whether the analysis should
f be terminated or not, if convergence is not achieved in a given time step.
P The factor B determines the approximation to be used for the Jacobian
3 in the Newton-Raphson's iteration for the nonlinear problem, for details the
" reader is referred to [4, 5]. It is expected that a value of 0.0 will in most
cases give the best results.
":’ - The frequency of updating the stiffness matrix during the iteration process
N is controlled by the value of IRPET [4]; for initial uses of the program a value
i of zero would appear to be appropriate., The values of ITFAC and FL control
the use of acceleration factors applied to the components of the solution vector
; (4]; for initial use of the program it is suggested that ITFAC = F. Finally,
: the default value of .01 for the convergence limit ERMAX would appear to be
l- adequate for most problems.
3 17
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Bl. History Function Descriptions
The time dependence of all input quantities (i.e., magnitude and direction
of gravity, and specified node point displacements, flows, loads and pore water

pressures) are specified by means of appropriate "history functions". The program

has built-in four such functions numbered -3 + O, i.e,,

i i H=-3 Specifies a unit value and a zero incremental value
:‘32 for all times, Figure la.

.:' i) MH=-2 Specifies a zero value and a zero incremental value
e for all times - Figure lb,

j' iii) IH=-1 Specifies all incremental values equal to 1.0, The
"" incremental values are taken to be equal regardiess
o of the relétive lengths of the time steps specified in
;;1 Section B7. The resulting history functions for the
" : cases of equal and variable length time steps are
i illustrated in Figure lc.

:} iv) IH = 0: Specifies a step-function at time t = 0; that is a
‘_.. quantity using this function is applied entirely during
i the first solution increment, Figure ld.

;7; In addition, the user may described, by means of the input to Section Bl,
& as many more history functions (numbered 1+) as needed; an example of such
o a function is given in Figure 2,

3: For a particular history function, linear interpolation is used to identify
V the AF which corresponds to a given time increment At. For solution times
_; beyond the last specified point tae the final history segment is extended
:-': indefinitely.

When a magnitude V and a history function number IH are specified in

Section B6 (or A3) for some given external agent, then in the solution interval

0 n) 18
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At an incremental value of the quantity equal to V*¥*AF is applied, where AF
correspords to history function IH.
B2, Material Properties Array

The units of the material properties must be consistent with the units
used to describe the geometry of the body and the magnitudes of the applied
loads.

The material number NMAT serves as an identifier for use in Section B5
to assign a particular material description to a group of elements. In the current
version of the program three types of material descriptions are permitted, i.e.,
isotropic or anisotropic, linear elastic and the bounding surface plasticity model

for cohesive soils. Additional material models can be easily added to subroutine

PROPTY by extending the two key "Block IF" statements as indicated in the
program by comment statements.

As noted previously (in Section A3), the units of p, and p; must be
compatible with the units selected for gravity "g".

Flow problems (IFLOW=1) can be stated either in terms of total or excess
pore water pressure. In the first case Pg must be set equal to the fluid density
(or unit weight - see previous paragraph); in the second case it is set equal to
zero.

The quantity I' can be viewed either as the combined bulk modulus of
the soil particles and the pore water, or as a penalty number imposing an
assumed incompressibility condition for these components [1, 2, 6]. In the

absence of experimental evidence, the bulk modulus for water (3.2 x 105

psi,
2.2 x 10° N/mz) may be used for T.
The “"effective" permeability coefficients k{', appear in Darcy's law+ when

wits of pressure (not head) are used for the pore water pressure; their

T In terms of excess pore water pressure it has the form

_.* 3h * 3h
vy = =k 3x, * k12 a_x‘z)v etc.

21




relationships to the permeability coefficients commonly used by civil engineers

and those used by physicists are discussed in [l].
For isotropic, linear elasticity E and v denote Young's modulus and Poisson's

ratio respectively. The linear, anisotropic elastic law is written in the form:

91 Dyy Dj2 Dy3 Dy €}

o2 ‘f _ |P12 Pz Dy Dy €2

O3 Dj3 Dz D33 Dy, €3

Y12 | D1y Dy D3y Dy Y12

For plane (x-y) conditions the stress vectors is <0;, o;, 0, o;y>T, while

» » rd T
7>,
Y Ad °e' rz

The meanings of the several parameters describing the bounding surface

for axisymmetry it is <o;, g

model are described in detail in ref [7-11]; values for particular soils may be
found in [8, 11]; a summary of information is given in Table 1. In order to
keep the input for the model exactly as described in [10], the parameter T is
retained even though it is a duplication of previous input (the second value is
not used).
B3. Initial State Information

The information in this section is used to establish the initial state of
the soil. The values of h specified in this section are used directly to initialize
the pore water pressure in the elements and indirectly to initialize it for the
nodes; see Section B5. It is extremely important to note that o and o, are
"effective" stresses (total stress minus pore water pressure). It is assumed that
the initial horizontal stress Oy, is the same in all directions and the initial shear
stress (T__ or Trz) is zero. For linear elasticity problems the initial stresses

Xy
may be taken to be zero and then the printed stresses are additions to the

22
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initial state (i.e., superposition is valid). However, if the bounding surface model
is used, an accurate initiation of the stress state s extremely important.

It must be remembered that a, and o), are negative when compressive,
while h is positive in compression. The units of h are those of stress. The
question of whether h represents total or excess pore water pressure is discussed
in Section A3,

The initial states are described by means of simple linear equations in
depth y(z), thus the coefficients a, * e, are dependent on the location selected
for the origin of the coordinates.

A field example is shown in Figure 3. When a value of g = | is prescribed
in Section A3, the analysis is in term of "total" pore water pressure. The
vertical and horizontal soil stresses can be simply calculated from the soil weight
and a assumed constant value of ko = .45. The coordinate system is located

as shown, and psi units are used. The following coefficients are found:

Zone 1: Zone 2: Zone 3
a, = 121 ay = -11.4 a; = -20.9
a, = .028 a, = 025 a, = .058
b, = 5.4 b, = -5.1 by = -9.4
b, = .013 b, = .0ll b, = .026
cy = 104 c, = 104 c; = 0.
Cy = -.036 cy = -.036 Cy = 0.

The specifications of the initial void ratio e and the preconsolidation
pressure (positive in compression) Po are only necessary if the bounding surface
model is used; they are "internal variables" for that theory [7].

Bs. Node Point Array
The program incorporates two data generation routines to assist the user

in defining the locations of the system's node points. The use of these options
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«.{-:: can, for example, enable one to describe the locations of the nodes of an
-.‘. arbitrarily large grid with as few as five cards. Note that not all numbers
P ' between 1 and the maximum node number NPT need correspond to actual nodes
'zé in the body. For example, the numbering scheme shown in Figure & is permissible;
:-.‘ the coordinates of the non-existent nodes 15 and 21 need not be specified. This
N feature facilitates the use of the available node point and element generation
%% options. If the location of a node is prescribed more than once in the input
-Z:":: and the locations are not in agreement, the last description is used. However,
~ ) if in a second or later description the node number is entered as negative, then
the previous location is used. The utility of this option is illustrated later.
‘& j The straight line or circular arc coordinate generation option may be used
whenever several sequential node points lie along a straight line or circular arc.
?‘:: If such a situation exists, it is necessary only to enter the coordinates of the

B

initial and final points of the sequence (denoted by N' and N, respectively), and

the values of INC and D. The constant INC represents the difference between

i o,

o

-~ %

',cj'-' any two successive node numbers in the sequence, and D defines the ratio of
AN

o the distances between any two adjacert pairs of points.

,' If, for a node N, INC £ 0, intermediate node points are generated along
o

a straight line (XC = YC = 0) or a circular arc (XC £ 0 and/or YC £ 0) between

P A
Sy

node N and the point described on the preceeding node specification card N
That is, the coordinates of the points N' + INC, N' + 2*INC, . . ., N - INC are

o

A

";\ each automatically found. For the case of a circular arc (flagged by the
*, .‘-’

’ condition XC £ and/or YC # 0) it is assumed to pass through the end points of
s, the sequence N' and N, and the additional intermediate point with coordinates
"u Y -
'.;$I (XC, YC). This intermediate point need not be a node. The node N for which
~.
fou# the specified non-zero value of INC triggers the generation of the line N' - N
S can also serve as the initial point of a line generated between it and the point
2%,
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described on the next card. Thus the exterior nodes in Figure 4 can be generafed
with 5 cards for nodes 1, 6, 42, 37, and 1, with the fast 4 having specified
values for INC. K in the second specification, node 1 is entered as negative,
then its coordinates do not need to be repeated.

The end points of the sequence may be entered in either order. For
example, the segments illustrated in Figure 5 could be defined by specifying the
nodes in either the order 7 + 22 (INC = 5, D = 2.0) or the order 22 + 7
(INC = -5, D = .5). The spacing of the intermediate points (nodes 12 and 17)
is controlled by the spacing ratio D. A value of D = 1.0 would result in equally
spaced nodes.

The interior node point generation option automatically (i.e. without any
prompting by the user) locates all interior nodes whose coordinates have not
been established through the options cited above (that is, all points left undefined
after the input of Section B4 has been processed). The locations of these
undefined interior nodes are computed by means of the "Laplacian - Isoparametric"
grid generation scheme described in [3], See also Section A2, Note that all
boundary nodes must be directly or indirectly specified by the input to Section
B&.

Figure 6 ﬂlustrates two grids that have been prepared with the aid of
the grid generation schemes, Grid | was developed by using the straight line
generation routine to specify the exterior (boundary) nodes (only five cards were
needed in Section B4), Grid 2 was developed in a similar manner, except that
the straight line generation option was also used to define the nodes lying along
the material interface, i.e., line 3 + 33, In the generation of line 3 + 33 the
coordinates of nodes 3 and 33 previously specified by line generation 1 + 6 and
31 + 34 were used. This was accomplished by entering them as -3 and -33

(with blank x,y coordinates).




Node Point
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Circular Arc

Straight Line

Figwe 5. Examples of Line Generation
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B5. Element Array

The material number MN and the initial state number ISNO must correspond
to the appropriate descriptions given in Sections B2 and B3, At the time the
information for the initial state ISNO is used to initialize h for the element,
it is also used to initialize h for the four nodes describing the element in
question. If different initial states were prescribed for elements "a" and "“c®
of Figure 6 and they give initial values for h at the common nodes 2 and 7,
which were not in agreement the values obtained from the element of higher
number would prevail. Because in practice h is continuous such ambiguous
situations should not often arise.

If the body can be divided into layers of elements, and if the material
and the initial state numbers MN and ISNO are the same for several elements
within a layer and for several layers, the node numbers of these elements can
be simply established by means of the element data generation option. To
generate a sequence of elements within a single layer, node points are specified
for the first element only, together with appropriate values for NMIS and INC.

For example, the bottom row of elements in the first grid of Figure 6
could be established by entering either the node numbers of element "a" and
the values NIMS = 4 and INC = 5 or the node numbers of element "b" and the
values NMIS = # and INC = -5. Similarly, the left-most column of elements
could be established by entering the node numbers of element "a" and the values
NIMS = 3 and INC = I, etc.

if several layers of elements are of the same material, and have the
same initial state description it becomes possible to carry this option one step
further. For example, the entire grid for the first example of Figure 6 could

be established by entering the node numbers of element "a" and the values:

31
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NMIS = &
INC = 5
NMISP = 3
INCP = 1
or alternatively,
NMIS = 3
INC =1
NMISP = 4
INCP = 5

Grids generated with these two specifications would differ only in the order
that the elements were numbered.

Hence, under "ideal" conditions, the element array for an entire body can
be defined with only a single card in Section BS5.

B6. Node Point Specification Array

Boundary or interior node point displacement and load specifications may
be given in terms of either x-y (r-z) components (On = 0 in Section B6) or local
X|-X, components (On # 0), see Figure 7. H 8, = 0, the subscripts 1 and 2 in
Section B6 refer to x{(r) and y(2) (and thus IF, = IF, etc.) and if 8 £ 0 they
represent x, and x, (and thus IF = lFxl, etc.).

For each of the two coordinate directions, one may specify the history
of either a displacement (IF = 1) or a load (IF = 0) by setting V equal to the
magnitude of the applied quantity and TH equal to the appropriate history function
number of Section Bl, Specified displacements and loads are considered to be
positive when they have the same sense as the positive coordinate directions.
In addition, either the history of the water flow Q or the pore water pressure

h may be specified by giving appropriate values for IH3, IF3 and V,.

32




{ et o0 onitan vl i NG aeut ok S giall aag L sl oAy
2 TW L0 4 R hdiont e UAGEAID AL AL ST L N S A A

%

¥
. " N
.':'.!a

)

-

55
Xtk

x;l
u‘, -

; Figure 7. Pressurized Boundary and Example
ég: of Local Coordinates.

33

5 3N AV ERUIIAA S VL K A M e o N Son et e i P T WO, O A

T



ARt R AR AR RN L S SRV PR AR T T T T T T O T s e s W T S T TN TR P AR AT SIS RAT I T s
4
N
¥ If several nodes in a sequence (N, N + INC, N + 2*INC, . . . N'-INC, N
all have the same "node point specifications", by supplying the appropriate values
™ for N, N* and INC they can all be generated with a single card. A node point
*; may have more than one specification as long as the accumulative effect on
\ the system of equations is correct. For the same point, if one specification is
P~
a force and the other a displacement both in the x direction, displacement
? specification will prevail. If both specifications were displacements, the result
would be the second. Multiple specifications which tend to cause difficulty,
and thus should be avoided, are those which involve non-zero values of On.
2 Multiple specifications at corners are convenient, and should not be discouraged.
»
M Using the generation option a uniform or linearly varying pressure may
N be specified along a straight or curved boundary (or an interior line). The
: quantities IFl, IF2, Vl’ V2 and On are left blank and appropriate values for N,
N
9 N', PN and PN' are supplied. For example, to specify the boundary loading
! !
shown in Figure 7, the user would enter, on a single input card, the values:
K N = 1l
,!' on = o-
N = 2
' INC = -3
»,
\ PN = 100.0
U -
‘ PN = 50.0
3 For pressure specifications, the points N and N' must be given in a
) counter-clockwise order if they lie on an exterior boundary and in a clockwise
- order if they lie along an interior boundary (or "hole"). In general, pressure
3 specification cards should preceed all other node point specifications in Section
1
’? 36.
¥
B If for a given node, lFi=O, V.l=0, PN=0and PN,=Oit need not
"j -and, for economy, should not — be included in the node point specification
x array.
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B7. Solution History Segment Information

The analysis is, in general, time dependent due to the consolidation process
and the history dependence of the bounding surface plasticity model. For a
non-flow problem (IFLOW = 0) the actual rate at which time passes is not
important (because the bounding surface model is rate independent), however,
for the purpose of modeling the history effects it is still convenient to think
in terms of time., For a linear elastic, non-flow problem the only role of time

is to represent the loading history; if only final results are desired then only

one time step is required.

For convenience, the solution history is broken into one or more history
segments. One card is required in Section B7 for each segment. The time at
the end of a given segment is denoted as TIME; it is assumed that the first
segment begins at t = 0. The number of time steps into which a given segment
is to be divided is prescribed as NMIS, Within a given "history segment" the
ratio of two successive time steps is equal to the prescribed spacing ratio D;
a value of 1.0 gives equal time steps. The role of the time step spacing ratio
is analogous to the length spacing ratio used in Section B4 and Figure 5.

The selection of appropriate time step lengths is complicated by the fact
that two distinct processes are involved, i.e. water flow and soil plasticity.
Thus a certain amount of experimentation with successively smaller time steps
will often be required. In this process several factors should be considered.
Abrupt changes in step size should be avoided (judicious use of the spacing ratio
D can facilitate smooth transitions from small to large time steps, etc). Abrupt
changes in applied loads or displacements will cause large flow gradients and

require small time steps, Further information concermning step size for flow

problems is to be found in [1, 2]. A certain amount of oscilation of the solution
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.’E is to be expected and usually can be tolerated. A minimum of 10-20 steps are
E:E usually required by the bounding surface plasticity model in proceeding from a
'_‘.' nearly hydrostatic stress state to failure conditions.

X C.  End Card

f‘ The function of this card is to signal the end of the problem; the program
~ then proceeds to the next stacked job (if any).
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V. EXAMPLE

The following example is intended to illustrate the program input and
output; the accuracy of the results is discussed in [1]. The problem configuration
is shown in Figure 8. It is an idealized representation of the consolidation of

a soil mass that is free to drain both from the top and a central sand drain,

The input file and the output for the first 3 time steps are given in the Appendix.
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Input File:

) F o t a5 2 o t t 1 0 @ es 36
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0

W, 1 1
*«} 209.
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1.936 1.E+10 0.32 0.0 0. 32
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o
2a
“®=00
- X-X-X-F ¥
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000000

1 10 11 2 1 ] 7 1 7 9

9 00
N 1 -21
ol 1 -21
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cooo
o000

e .18 131072 20
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CASE ® 4 ,CAMMASINFINITY; X8 ELEMS. . AXISYMMETRIC ANALYSIS WITH WATER FLOW

POORRSRNBDALIVLGERDDADANO DL IDARRNADES MAXINMN DINENSION SPECIFICATIONS:
NFUNMX= 1  IFUNSIs 1 MATMX= 1 NCOFMi= 0 NPTMX= 81 NELMXw 64 NDSPMX= </

oonsnesees ORID CENFRATION PARAMETERs 0.

saeasneessaTYPE OF TWO-DIMENBIONAL ANALYSISeeconne:
- cm=——AXISVAMEIRIC ANALYSIS-~-—-

SEPVRNA2VAROR 204 E000DESCRIFTION OF THE HISTORIES CF THE MAONITUDE AND DIRECTION OF ORAVITY:

THE INITIAL VALUES OF ORAVITY AND THE ANCLF IV MAKES WITHM THE X(R) AXIS ARE: 0.00 AND 0.00
TIHE CORRESPONDING HISTORY FUNCTIONS ARE: O aD O

sssenseres SATURATED CONDIIIONS~WATER MOVEMENT IS ACCOUNTED FOR
===TH- VALLE OF "ALPHA™ UBED IN INTEORATING THE VOLUME TERM IS8: 0.00
=-=THF VALUe OF “THEIA® USED IN APPROXIMATING THE TIME DERIVATIVE I18: 0. %0

2500088420000 0LINEAR ANAL VB 180000008800004¢

esssssssssarness DESCRIPTION OF MATEMIAL PROPERTIES:
*29aTHE DENSITIES FOR MATRRIN NO. 1 ARE: S80ILe 0. 373€+01 FLUID= 0. 194E+01
FLUID AND PARTICLE BULK MODWLUS= 0. 1C0E*11
EFFECTIVE PERMEARILITY COEFS ARE: Kils 0. 320E+00 Ki12= 0. 000E+00 AND K22= 0. 320E+00

THE MATEXIA 18 ISOTROPIC WITH E = 0. 2006403 ANV POISSONS RATIO = 0.00
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XL,

2

g

0200<+QEOME IRV e

NODE POl A-Y OR R-2
1 4 00E-01
2 4. QOE-01
3 4. O0E-01
L) 4. 00E-O12
9 4. 00E-01
6 4 0CE-G1
k4 4 00E-O1
] 4 O0E-01
L4 4 00E-O1
10 1 O0E+Q0
11 1 O0E+00
12 1 OOE+00
13 1 COE+00
14 1 00E+00
13 1 Q0E+00
té6 1 COE+00
17 1. 00E+00

18 1 Q0E+00
19 2 O0E+00
20 2 00E+00
21 2. 00E+00
22 2 COE+00
23 R GOE+00
24 2 OOE+Q0
23 2 QOE+00
26 2 O0E+00
27 2. 00E+00
20 3 OOE+00
29 3 00E+00
30 3. OOE+00
<} 3 OOE+00
b -4 3 O0E+00
a3 3 O0E+00
34 3 00E+00
33 3 00E+00
36 3 O00E+00
7 4. 00E+00
38 4. O0E+00
9 4. 00E+00
40 4. COE+00
41 4 00€+00
42 4. 00E+00
43 4 COE<00
&4 4. 00E+00
45 4 00E+00
&6 3. 00E+00
&7 9 00€+00
48 9. QOE+00
49 9 00E+00
50 3. COE+00
31 3 00E+00
92 3 0CE+OO
$3 S 00E+00
Ss 9 O0E+00
28 6. O0E+00
36 €. OOE+00
57 & O0E+00
s8 6. Q0E+00
59 &. OOE+00
&0 & O0E+00
61 6. OE*00
o2 6. COE+00
&3 6 QOE+ 00
&4 7. COE+O0
69 7. COE+00
[ 7 OOE+00
&7 7. 00E+00
68 7 COE+00
&9 7. C0E+00
70 7. COE+00
71 7. OOE+00
72 7 O0E+00
73 8. 00E+00
74 8. COE+00
79 8 COE+00
76 @ 00E+00
7?7 9 00E+00
78 @ 00E+00
?e 8 O0E+00
80 0 Q0E+00
a1 8 00E+00

. . "
* y-v".l‘ LR § .‘“‘

COORDINATES

OCE+00
QOE+00
00€ +00
OOE+00
00E+00
0Ok +00
00€+00
OOE+00
00CE+00
00E+00
00& +00
00 +00
00E+00
00£+00
00E+00
OOE+00
00E+00
00£+00
0CE+00
00E+00
00£ +00
00€ +00
00€~+00
00E+00
00E+00
OCE~+00
00E+00
00&+00
0CE+00
00E+00
00E+00
00€+0Q0
QO0E+00
QOE+00

00E+00
00E+00

00E+00
00E+00

NP BAIUN OO NPV AUNAOD NP UAUN-CONPVANN OB NCSAUN-OD NP UAUN-ODNPULUN-ODNRULUNOBNPBAUN®D
8
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CELEMENT € EM-NT ELEMEN MATERTIAL ~--mmeeeosme-- INITIAL STATE-~-~~w=-o-- EShaiatatattede —-“J
NUNBER CENIER RODE POINIS NUMDE 1 s1C-Vv S1G-H [} PRECON ¢ INIT

l ? 000K -03 3 OOOk-O1 1 10 1 2 1 O OOOF+00 © OOOE+O0 O OODE+00 o 00 o 06
2 7 0D0€-081 I 95002+00 2 11 12 ] ] O O00E +00 0 Q00E+00 © OOOE+DO 0 00 0 00
E 7 OOOE-01 2 300E+20 3 12 13 " ] 0 OOOE+O0 O OOOE+00 0. DOOE+00 0.00 0 00
4 7 O0OE 01 3. S00E+00 4 13 14 s 1 0. ODOE+00 0. O00E+00 0. OOOE+00 0. 00 0.00
s 7. O00E-01 4 300E+00 9 14 13 ' 1 0. OOOE+00 O ODDE+DO0 0. OOOE+00 0. 00 0.00
'S 7 O00E-01 9. 300€+00 [ 19 16 7 1 0. OO0E+00 0. OOOE+00 0. O00E+00 0. 00 o 00
7 7 OQ00E-01 &. S00E+00 7 16 17 . 1 0. O00E+O0D 0. OODE+Q0 0. DOOE+00 0.00 0.00
[ ] 7 O000E-01 7. 300€+00 a 17 18 9 1 0. 000€+00 0. O00E+00 0. 000E+00 0. 00 0 00
¥ [ ] 1. 200€+00 3. 000E-O1 10 19 20 11 1 0 000E+00 0. 00OE+00 0. 000E+00 0. 00 0. 00
> 10 1. S00E+00 t. 300€+00 11 20 21 12 1 O OOOE+00 0. 000E+00 0. O00OE+00 0. 00 0.00
: H 11 1 S00E+00 2. 300€+00 12 N a2 13 1 0 O00E+00 0 O0OE+00 0. O00E+00 0. 00 0 00
Sty 12 3 300E€+00 3. 300€+00 13 a? 3 14 1Y O OOOE+00 0. O00E+00 0. O00E+00 0 00 0. 00
] 13 1. S00E+00 4.300x+00 14 29 24 19 1 O OOOE+O0 0. OOOE+00  ©O. ODOE+00 0. 00 o 00
Y 14 1. S00E+00 9.300:+00 15 24 2 16 1 0. O0OE+00 0. OOOE+00 0. OOOE+00 0.00 0 00
oot 19 1.9006+00 6.500E+00 16 2% 26 17 1 0.000=+00 0. 000E+00 0. OOOE+00 0. 00 0 00
LY 16 1. S00€+00 7. 300 +00 17 26 27 18 1 0. 000E+00 0 000E+00 0. 000E+00 0. 00 0. 00
17 2. 509E+00 9. 000:-01 19 28 29 20 1 0 OOOE+00 0. OOOE+00 0. ODOE+00 0. 00 0 00
, 10 2.900E+00 1.300€+00 20 29 30 21 1 0. OOOE+00 0. 00DE+00 0. OOOE+00 0 00 0. 00
N | 184 2. SO0E+Q0 2. 300E+00 as 30 3 2 1 0. 000E+00 0. O00E+0C ©. OO0E+O0 0. 00 0. 00
B 20 2.900€+00 3.93006400 22 31 232 1 0 OO0E+00 0. 000E+00 0. OOOE+00 0 00 0. 00
. 3, 28 2. SO0E+00 4. 300x+00 E <] 32 < = ] a4 t 0. 000E+00 0. 000E +00 0. 000E+00 0 00 0. 00
4-;2\ 22 2 SO0E+00 3. 9008+00 24 33 34 29 1 0. 000E+00 0. O0OE+00 0. ODOE+00 o 00 0 00
_,.\q_ 23 2. S00E+00 6. 900F+00 2% 34 39 26 1 0 OOOE+CO  ©. OOOE+00 0. O0OE+00 o 00 0.00
- "vp‘ a4 2. S00E 200 7. 300€+00 26 - 3 a7 1 0 O00E+OO 0. O00E+00 0. O00E+00 0o 00 0. .00
ha L’ 2% 3. 300€+00 3. 000E-01 20 x4 8 29 1 O Q000E+00 0 O000E+00 0 OOOE+00 0. 00 0.00
R 8B 3. SO0E+00 1. 300€+00 29 k] a9 20 1 0. 000€E+00 Q. 000E+00 0. Q00E+00 0. 00 0. 00
27 3.900E+00 2.9%0€+00 30 3 40 I 1 0. 000E+00 0. 000E+00 0. OODE+00 0. 00 0. 00
-e.\#f' 20 3. SO0E+00 3. 300E+00 n 40 41 32 1 0. 000E+00 0. O00E+00 0. O00E+00 0 00 0.00
gl 2 3 300E+00 4.300:+00 32 41 42 33 ] 0. O00E+00 0. DOOE+00 0. OOOE+00 0. 00 0. 00
v!%' H 0 3 J00E*00 3. S00E+00 D 2 43 < 1 0. OOOE+0D 0. 0Q0E+00 0. O00E+00 0. 00 0. 00
A N 3 S00E+00 46.3006+00 34 43 48 29 H 0 O00E+O0 O OOOE+00  O. OOOE+00 0. 00 0. 00
glah - 3. S00E+00 7. 300F+00 33 44 49 E 7Y 1 Q. C00E+00 0. 000E+00 0. 000K+00 o 00 0 00
TN E < 4.900E*00 3. 0006-01 J7 &6 A7 @ 1 O CO0E+Q0 0.000E+00 0. 0O00E+00 0. 00 0. 00
a8 o 4. 500E+00 1.3008+00 30 47 48 29 1 ©0.000E+00 O OOCE+00 0. COOE+00 0.00 0 00
i » 4 SO0E+00 2. 300E+00 J 48 49 40 1 - 0. O0OE+00 0. 000E+00 0. OO0E+00 0. 00 0 00
% 4. 500€+00 3. 300E+00 40 49 20 41 1 0. O00E+00 0. C00E+00 0. OOOE+00 0. 00 0. 00
. 37 4. SO0E+00 4. 300K +00 41 30 31 42 1 0. OOOE+00 0 000E+00 0. OO0E+00 0o 00 0. 00
‘X <] 4. SO0E+00 3.900€+00 42 31 52 43 1 0. 000E+O00 0. 00OOE+00 0. ODOE+00 0. 00 0.00
2, » 4. S00E+00 &. 500€+00 43 s2 9 44 1 0. 000E+00 0. O00E+00 0. O00E+00 o 00 0 00
‘1 40 4. S00E+00 7. 300£+00 a4 3 34 43 1 Q. O00E +00 Q 000E+00 0. 000E+00 Q.00 Q.00
R¥p Y 41 S. S00E+00 3. 000F-01 46 33 36 47 1 0. O0OE+00 0. O0OE~00 0. O0OE+00 0. 00 0. 00
)3'2 2 3. S00E+00 1. 900k+00 47 % 37 48 1 0. 000E+00 0. 000E+00 0. O00E+00 0. 00 o 00
b ;ﬂ L] S S00E£+00 2. 300€+00 48 37 0 49 1 0. 000€ +00 0. O0OE+00 0. 000E+00 0. 00 c 00
.- 44 S S00E+00 3 300F+00 49 %0 2 %0 1 0. OOOE<0D 0 ODOE+00 0. OOOE+00 o 00 0 00
49 S. S00£+00 4. 500E+00 30 99 &0 9 1 0 O00E+00 0 OO0O0E +00 0 000E+00 0. 00 0. 00
) 4 S 300€:00 3 S00E+00 91 &0 o1 2 1 0 O0OE+00 0. C00E+00 0. O00E+00 o 00 o 00
Ry L 24 S. S00E+00 &. 300£+00 92 41 2 2 1 0. 000E+00 O OOOE+00 0. Q00E+00 0. 00 0.00
S 48 3. SO0E+00 7. 300&k+00 ] 62 [ ] 94 1 O O00E+00 Q 000£+00 0. O0OE+00 0 00 0.00
:Yq?; 49 & SO0E+00 9 000E-01 ¢ 64 &9 % 3 0 000E+00 0 OOOE+00 0. QOOE+00 0. 00 o 00
A %0 & 900E+00 1. 5006+00 96 49 &6 97 t 0. 000E+00 O O0OE+00 0. DOOE+00 0. 00 0. .00
pPR 9 6. S00E+00 2 S0CE+00 37 &6 67 358 1 0. DOODE+00 0 OOOE+00 0. O0OE+00 0. 00 0. 00
Ko 2 6 300€+00 3.900F+00 33 &7 48 99 1 0.000E+00 0. 000E+00 0. 000E+00 0.00 0. 00
L 9 6. 500E+00 4. 300E+00 39 60 &% &0 1 0. OQQE+00 0. O0OE+00 0. OOOE+00 0. 00 Q.00
- o &. SO0E+00 5. 900F+00 &0 &9 70 &t ] 0. 0Q0E+00 0. O00E+00 0. ODOE+00 Q.00 Q.00
- ss & SOOE+00 6. S00E+00 61 7 7t 62 1 0. 000E+00 O OOOE+00 O  000E+00 0.00 0 00
% & S00E100 7 S0CE+00 62 71 72 63 1 0. O00OE+00 0. O00E+00 0. 000E+00 0. 00 0. 00
DA 97 7 SCOE+00 $ 900C-01 64 73 74 69 1 0. QOOE+00 0. O00E+00 0. OOOE+00 0. 00 0. 00
8,4 % 7. SOOE+00 1. SO0t +00 [ 3] 74 79 &b 1 0. OOOE+00 O Q00E+00 0. ODOE+00 0. 00 0 00
. -‘!“' [, 7. SOOE+00 2. S00E+00 66 79 76 Y4 1 0. O00E+00 0 000&+00 0. O00E+Q0 0. 00 0. 00
X‘ &0 7 300E+00 3. S00E+00 67 76 77 o0 1 0. O00E+00 0. 000E+00 0. 000E+00 0. 00 9 00
;‘1,4 61 7 SOOE+00 4 SOOE+00 &8 77 78 &9 1 0.000E+00 0. 000E+00 O OOOE+00 0 00 0 00
L4 Y3 2 7 SO0E+0C 9 S00E+00 69 78 79 70 1 0. 000E+00 O ODOF+00 O OOOE+00 o 00 9 00
_\“\;3’ Y-} 7 SO0E+00 & %00E+00 70 79 @0 71 1 0. 000E+00 O OO0E+O00  O. OOOE+00 o 00 0. 00
. [ ] 7 SOOFE+00 7 SO0E+00 71 80 81 72 1 0. 000E+00 O OOOE+00 O OOOE+00 0 00 0 00
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st
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Ty
L3
W3
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% +280MIDE POINT SPECFICATIONSenave
o NODE
. l; P-R= O OOE+00 IHI= O L4
27 :::: 0 00€+00 1HiI= © P::: e 076e0; o= o "
36 p-R 0 OOE+00 IMi= O P-1= -9 Q7E+01 IH2= O (1] 0 00Ev00 Tae o
2 ’-R. 0 00+00 Imi= O - -2 00KE+02 1IH2= 0O '™ O OOE+CO0 1IH3= O ANG= O
St P-.: 0. 0C0E+00 1M1= O r-:: -3 00E+02 IH2= O he S Soeeo0 nom o ::g- :
63 P-R= 0 COE'00 IMie O p-2= -4.00€+02 IH2= © e 0 00Es00 IH3= 6 e o
; z o s o = -4 00Es02 = o h 0. 00E+00 IH3= O NG= 0
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24 ~1. S9SE-02 -9. 64E~02 -4 642E-03
29 7.461E-09 1. 760E~03 -1. 003E~-03
26 1.630e-02 -1 230E-02 ~-2. 437E-03
27 1.767e~-02 1. 419€-02 -3 064E-03
20 1.740£-02 -2. 950€£-02 -3. 137E€-03
29 1.633E-02 I 64IE-02 -2. B62E-03
30 1.937€-02 -5 423%E-02 -2 994E-03
31 1.9032 02 7. 19%€-02 -2 7J31E-02
32 1. 467€ 02 -9 E39E-02 ~3. 470E~-03
33 -1 944E 03 2 702€-03 -1. 692E-04
34 -4 0427-03 -1 171€-02 -3 4BBE-04
3% -3.861E-03 1. 967E-02 -8. SOTE~-04
36 -3. 824E-0J -2 863E~02 -9. I320E-04
37 -4 4146 03 3J. 703E-02 -8. BOPE~-04
38 -4.910E-03 -5 417€-02 -8 S23E-04
39 -4 BI9E-03 7. 160E-02 -9 916E-04
40 -3. 0B0E-03 -9. B21E-02 ~1 IBIE-03
41 1 881E 03 2 829€-03 -1 444E-04
42 4 636E-03 ~1. 080£~-02 -3. 932E-04
43 3 AS9E-03 1. 634E-02 -9 471E-04
44 9 483E-03 -2 BIIE-02 -6. 117E-04
43 35 398E-03 2. 720€-02 -& 3IV9E-04
46 5 J46E-03 ~9 412F-02 -6. 577E-04
47 9 &479E-03 7. 136E-02 ~7. S22E-04
40 9. 2405-03 -9. 697€-02 ~9. 396E-04
49 ~4. 6135 04 3. 061E-03 -1. 301E-09
S0 -1 0%0E 03 -1. 092€~02 -9. S23E-03
31 -9 363E 04 1. 684E-02 -1. 136E-04
S2 ~7.57%€-04 -2 7/6E-02 -1. S41E~04
$3 =-7.119€-08 3. 737€-02 =-1. 734E-04
54 -7 1135 04 -9 417€-02 -2. 001E-04
tS -4 807 04 7 12°E-02 -2 S21E-04
%6 & 981E~-04 -9 B76E-02 -3 3B3E-04
$7 3 1%9€-04 3 09CE-03 -2 191E-09
98 0 B40E-04 -1 027E-02 -5 B893E-0S
99 1 216£-03 1 694E-02 -B 106E-0S
60 1 290°-03 -2 793E~02 -9 INIE-0S
61 1 4838 03 3 791E-02 -9. 886¢E€-05
62 1 655€-03 -9 4J1E~-02 -1 104E-04
a3 1 8792-02 7 147€-02 -1 233E-04
e84 1 8%0£-09 -9 940€-02 -1 3E-04
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o4
0¢
[+}4
0%
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04

€t EMENT

SIGMA-R

~-1.
-2.
-2
-2.
-
-2.
-2.
-2.

' Ly
NULUWUWWUH-RONNRNRNNR e e ®

t
Now

~7.
. 832€-01
. B20E-01
. 638E-01
-6.
. 761E-01
. 313E-01
. 100£+00
. 097E+00
. 080£+00
. D49E+00
. 096E+00
. 018E+0Q0
. @~6E~-02
. 100E-01

d
900

e e e O ()

U L L]
B )P

WWRLNRA ™ O -

494E+01
Q00E+01
811E+01
G2IE+01
788E+01
796E+01
936E+01
372E+01
909€+00
&£26E+01
S24E+01
563E+01
373E+01
617E+01
S18E+01
351E+01
393E+CO
42%E+00
291E+00
&39E+00
675E+00
989E-+00
677€E+00
190€+00
492E+00
261€E+00
SJ4E+00
A79E+00
3095E+00
079E+00
003E+00
97SE+00
893E-01
084E-01
722€-01
&4B8E-01

199€-01

913€-01

. 513€-01

424E-01
423E-01

. 612E-02

396E-01

. 304E-02

768E-01
432eE-01
761E-01
564E-01
312€6-01
730E-0t
699€E -0t

STRAINS AND STRESSES

sI6MA-2Z

-3
-7.
2.
-4
4
-1
6.
-2
-7.
2.
-9
6
-1.
1
3
-3.
2.
-6.
7.

-1.

1
-y
3.
-2
2.
-3
7
-1.
1
-1
S
-2.
<
-3
7
-1
1
-1
S
-2
3
-3
7.
-1.
1
-1
b,
-2.
3
-5
7
-1
1
~1.
6
-2
3
-S
7
-1.
1
-1

447E+00
798E-01
327€E+00
S49E4+00
S&4&7E+00
033E+01
B801E+00
SILE+O01Y
370€-01
132E+00
93BE+00
737£+00
A0BE+00
189E+01
230E+01
QO8E+01
143E-01
090E+00
778E+00
000E+00
OARE+00
132E+01
456E+01
928E+01
S20€-01
4560E+00
898E+00
S00E+00
<B6E+00
08%E+01
439E+01
978E+01
404E-01
342E+00
134E+00
726E+00
406E+00
083E+01
432€E+01
Q64E+O1
638E-01
160E€+00
Q69E+00
607E+00
437E+00
0B2E+01
AQ7E+01
Q79E+01
121E-01
104E+00
367E+00
931E+00

493E+00
083€+01
425€+01
973E+01
180E-01
034E+00
387E+00
306€+400
S03E+00
0B6E+01
429E+01
989€+01

SIC-THETA

-é

-1
-1.
-1.

-1

-1

-1

-1.
-3,

-6

-é6.
-&.
-s.
-,
-4
-4

-3
-8
-1.
-1

-9

-7
=-b.

-9
-2

-4,
-&.
-6
-3.
-3.
-3

-6

-3
-1
-1
-1

-1

-1

~1

-2

-7.

-1

-1.
-1,

-1
-1
~1

-2
-1.

-2
-3
-3

-4
-3

-6

-4
-1,

~1
-1
-1
-2
-2

-2

404E+00
243E£+01
205E+01
R09E+01
195€+01
181E+01
087E«01
017E+01
007E+00
113E+00
163€+00
076E+00
PF04E+00
634E+00
985E+00
987E+00
013E-01
S92F-01
107€+00
OA7E+00
274E-01
441E-018
304E-01
204E-01
011E-01
91SE-01
133E-01
274E-01
724E-01
187€-01
463E-01
940E-01
363E-02
098E-01
701E-01
864E-01
740E-01
70S5E-01
963E-01
777€-01
888s-02
863E-02
094E-01
223E-01
262E-01
315E-01
S04E-01
879€~-01
602E-03
103€-02
271E-02
082E-02
44BE-02
D01E-02
041E-02
76%E-02
203E-03
179€E-02
$22€E-02
841€-02
ITTE~-O02
208E-02
0% -0
466E-02

TAU-RZ

-3
. 270E+00
. 769€-01

-3

1
FONFSNUAAONNIO WO N

N~ WLoE s~

3
3
2

~-1.
-1.
-7.

»

[}

1
BND O W e -

-4
-4
-2
1
1
2
&
2
[ ]

234E+00

334€-02

. 816E-01
. 204€-02

979€+00

. 283E+00

904E+00
583E-01
27%€-01
989€-01
823e-01
714E-01
799€E+00
8146E+00
249E-01
S89€e-01
982€-01
JF21E-01
064E-01
131E+00

. 004E+00

737e-01
132€~01
421E-01
36%E-01
407€-01
972€-01
809€-01
434E-01
498E-01
486E-01
130E-01

. 92SE-02
. 611E-01

443E-01
097€-01
038€-01
032€-~-01
498E-01
449E-02
e81E-02

. J36E-014

738E-01

. 696€E-01
. 010E-01

288E-01
819€-03
808E-03
012E-02
32BE-02

S62E-02
011E-02
034E-02
089E-02
£70E-02
B840E-02
OA4E-02
217€-02
FE-02
093%E-03
418€-02
33%€-02

BB 0= 0 DD~ 0 DD IO Nr @ O 0 OO O r e N B 00000rdr el ut Uy

h

. 913E+01
. SRIE+01
. 932E+01
. 804E+01

238E+01
077E+01
838E+01
442E+01
087E+02
0954E+02
124E+02
037€+02
17SE+02
892E+01

. 264E+02
. 071E+01
. 742E+01
. J94E+01

893E+01

. O44E+01
. 033E+02

B68E+01
103F+02
6350E+01

. O24E+02

004E+02
060E+02
683€+01
103E+02
163E+01
170E+02
243E+01
002E+02
&683E+01
022E+02

. 343E+01

062E+02
808E+01

. 129E+02

922E+01

. 011E+02
. 887E+01
. OR4E+02

S34E+01

. 0B4E+02

9F9SE+08
1S1E+02

. O77€+01

O07E+02
773E+01
032E+02
A429E~01

O72E«02
891k +01
138E+02
O0R2E+01
O08E+02
BJE+01
037E+02
473E+01
077¢+02
Q30€ +01
143E+02
018E+01




]

b
¢ ‘-1
g
2.
el
L) NODE DISPLACFMENTS
LN NO v v
0 1 2 083E-20 2 146E-20
. 2 1.374E-20 -2 461E-02
2 3 -1 033E-21 -1 979€-0?
g 4 1 038E-21 -1. 189€-02
S -1 23%E-21 -2 99BE-0>
% & 1 413E-21 -1 373E-02
. 7 2 4SBE-21 -5 716E-02
Y 8 1 0827-20 -3 C€6eE-02
v 9 1 021F-20 -1 931E-01
AN 10 -7 615€-20 1 726E-20
vy 11 -8 95%€-02 -9. 839€-03
' 12 -8 €365-02 ~2. 247E-02
13 -8 439+-02 -7 103E-03
14 -8 S026-02 -3 430€-02
) 15 -8 228E-02 -3 O7SE-03
Lt 16 -8 307:-02 -6 493€-02
o 17 -6 911F-02 -1 S47€-02
o 18 -7 3235-07 -1 146€-01
B 19 -1. SO9E-20 -1 240€~20
o 20 -9 443E-04 2 289E-03
.3 21 -8 863F-03 -1 642E-02
22 -7 336€-03 -2 217€-03
- 23 -3 635£-03 -3 239€-02
5 24 -4 173E-03 2 271E-03
2 2% 9 193E-04 -35. &478E-02
~ 26 2 107e-03 1.478E-02
) 27 -9 367e-03 ~7. 493€-0>
o d 28 1 7L9E-21 9 A26E-22
=y 29 -1 430E-02 © 31BE-04
b 30 -1 901E-02 ~1. 134€-02

31 -2 013-02 2. 232E-03
32 -1 923E-02 ~-2. 7S9E€-02
33 -1 7336-02 8. 244E-03
34 -1 629E-02 -4 394E-02
3% -1.7938-02 2 419€~02
36 -2 123E-02 -7 499E-02
37 -2 734E-20 -& B67E-21
38 4 239 04 2 666€-03
39 -1 321€-03 -9 737€-03
40 -2 473E-03 S &74E-03
41 -2 090£-03 -2. I0E~02
42 -1 416E-03 1. 392E-02
43 -1 344£-03 -4. 079€-02
44 -2 731E-03 3 101€-02
49 -6 66%E-03 -6 S64E-02
46 1 724E-20 -7. 341E-21
A7 -3 &449E-03 2. 738€-03
48 -3 512r-03 -98. 282€-03
49 -5 005€-03 7. 6S0E-03
30 -4 207v-03 -2 044E-02
$1 -6 130c-03 1 660€~07
$2 -6 4%07-03 -3 742€-02
53 -7 303E-03 3 3I9PE-02
S4 -8 271E-03 -& S78E-02
83 -1 G71E-20 -2 411€-21
6 2 9278 04 2 920€-03
S7 3 941F-03 -7 661€-03
3@ -5 S93E-04 9. 097€-03
99 -5 B67E-04 -1. BGBE-O0D
60 -B. 993E 04 1 @&3E-02
6] -§ 034E-0s5 -3. 398E-02 )
62 -1 7627-03 3. 374E-02
63 -3 334E-03 -o 243€-0>
64 8 963E-21 -9 B17€-21
65 -6 04E-06 I 202€-03
66 -1 138£-03 -7 299€-03
67 -1 29%€-03 9 693€-03
48 -1 466E-03 ~1 700E-02
. 49 -1 SOOE-03 1 934€-02
. 70 -1 812E-03 -J 456€-02

N, 71 -1 946€-03 3 6616-02
& 72 ~1 794E-03 -6 2738-02
53 %3 1 200€-20 ~2 242€-2>
3 Y4 -2 932E-20 2 979€-03
23 7S 3 367E-20 -7. 101E-03
AR 76 -4 77%-20 9. 0616-03

77 5 399E-20 -1 747E-02
78 -9 247:-20 1 993€-02
; 79 1 0205-1% -3 433€-02
" 80 -1 7426-19 3 720€-02
81 -9 396E~19 -4, 293E-02

" A et T N LN L I Py
I:,s"“ :3“! ‘ui- W4 |~,‘ ‘*




O 00C3§ MO ITERATICN WAS REGUIRED

AT TIME
Et EMENT

NO EPSILON-R
1 ~b& 6027-02
2 ~1. 39¢E-01
3 -1.23%1F-01
4 -1.347e-01
9 -1.21%€ 01
6 ~1 22<e-01
7 -1 173E 01
8 -1. 146E-01
9 3.30’E o2
10 & 092F 02
11 9 89@SE 02
12 3 7108-02
13 3 681E-02
14 & 034E-02
13 6. 191€ 02
16 9 370c-02
17 3 438£-02
18 6 292F-03
19 3 106£-03
20 4 018E-03
21 3.645-03
22 2 481E-03
23 -3 21%£-03
24 -3 908 -03
25 9 1785 04
26 4 637c-03
27 & BO4E-03
2W 9 832F-03
29 9 002F-03
30 3. 443E-03
31 4.0798-03
32 7.797€-03
33 2 6165-03
34 4 647E-03
A5 4 6332E-03
36 4 924E-03
37 4 19%€ 03
39 3 8%%9€-03
39 3 449 03
40 2 795 03
41 -8 360E-04
42 -7 017€-01
43 2 1605 04
44 9 121E-05
43 3 694E-03
46 ~1. 443E-04
47 A 405 04
48 1 973E 04
49 1 031€-03
S0 2.004€ 03
351 2 19%€-03
32 2 408E 02
33 2 462F-03
94 2 S44€-03
93 2 662F -0
% I 073€-03
37 -1 391F-04
58 -4 947:-0%
5% 2 918€-04
o0 4 719-04
61 9 97/€-04
2 8 033F-04
63 1.0928-03
64 1 338E-03

EPSILON-Z

-2

3.
2.
~-1.

1

-4
3.
-1

-9
-9
-4
-1

1.

-4

6.
-1.

-2
~3

-3.

-8.
1

-4,

7

-1.
-a.
-1.
-3.
-9.

1

-3.

6
-1
-1

=-7.

-1.

-7
).

-3
[
-1

-8.
-7

-6
1.

=3

6,
~1.
-7.

q
-3J.
~6.

1

-3

]
-1
-&

7
-3
-6

1.
-3

6

-1.

IT1E-02
&34E-03
212€E-03
104E-02
Q028E-02
186E~-02
246E-02
S98E-01
922€-03
017E-03
910€-04
048E-02
22F-02
694E-02
114€-02
<37E-01
4176E-03
411E-03
394E-03
816E-03
326E-02
0/CE-02
179€~-02
234E-01
0946E-03
78SE-03
010E-03
326E-03
409E-02
722€-02
976E-02
273E-01
247€-03
S37E-04
648E-03
S08E-03
497€-02
791€-02
972€-02
269€-01
994E~-04
263€-05
451E-04
9% 5€-03
924E-02
7951E-02
930E-02
275€-01
410e-04
3126-04
649€E~04
489€-03
336€E-02
747E~-02
918E-02
273E-01
734€-04
110€-04
682€-02
037€-923
912€-02
735€-02
§216~02
279€-01

EPS-THE 1A

-2
-3
-3
~3

-3

-4
-1
-2

-3

-3

-2
-2
-2

-2

-2

-3
-8,
-6.
-3

-4

-4.
-6.
-8.
-2.

-3
-3
-2
-2

-3
-2
=7
-1
-1
-1

-1

-1
-3
-8
-2

-4,

-3

-9
-9.
-7

-9.

-9

-1.
-2.
-2

-2

-3

-3

-4

-1

-3.

-3
-3
-7

B64E-02
$53E-02
360E-02
346E-02
208E-02
2376-02
029€ - 02
913E-02
571E-02
192€-02
1416-02
086E-02
967E-02
8776-02
630E-02
728E-02
119€-03
469E-03
636E-03
294E-03
672€-03
698E~03
042E-03
010€-03
S884E-04
345E-03
093E-03
0evE-03
767E-03
S09E-03
766E-03
737€-03
9B4E-04
P46E-04
105€-03
207€ 03
150€-03
140€-03
216€-03
730€£-03
435€-09
919€-04
HR4E-04
318E -04
897¢-04
9S4E-04
228€-04
817E-04
807€-09
469E-04
106E-04
87/E~04
B814E-04
194E-04
729€~04
424E -04
205€-06

. 298E 06

S4%5E-09
143E-08
984E 05
I34€-09
<EQE~0S
923€-09

GAMMA-RZ
014E-02

-3

EENCUWRURNNNUGRUNS A NN

1 11 U
NNeW
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Nt R=FRNLWE 8 INNGS N - -
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c-ONNUWND

347

. 402E -

330
821€E
612€E
7IRE
338€

02
02
04
03
02
o2
-0

S60E-02

13%9€

02

J10E-03

3I%E
963E
672E

03
03
-03

982E-02

183€
060€
245E
&71F
961E

321€E -

312€

133E -

-02
o2
03
03
03
03
o
o2

6776-03

B49€

132€
936E

-03

. S49€E-03
-03

-03

718€-03

L02F
163E
439E
46E
143€
233E
949E
893
199
292F

-03

-03

-03
03
ne

-01

03
03
03
-03

Q48E-01

789€
014€
994E
493€
871E
927E
J11E
296E

097e

o~
03
oe
03
-03
03
-04
04

. B6JE~04

08

S28E-~90%

032F
164E

323%€ -

299€
367c
T06€
140E
307
¢77¢€
470E
292
J0%€
172€

04
0
04
04
04

08
04
os
04
04
0
o4
04

€1 EMENT

SIGMA-R

-1
-2
-2

-2

-2
-2

-2.

~2.

NS A= UEND IO =D DN AEND O

NN = BSINCVLELLANLDD

334E+01
S91E+01
S01E+01
A93E+01
430E+01
414E+01
347E+01
293E+01
&13E+00

. 218E+01
. 117E+01

142E+01
136E+014

. 207E+01

<3IBE+01
114E+01
916E-01
2%6E+00
021E+00
037E-01
&98E-01
962€~-01
438€E-01
813€-01
836E~-01
23%4E-01
361E+00
1466E+00
000E+00
896E~-01
140E-01
937E+00
231€-01
293E-01
245€E-01
847€-01
312E-01
717E-01
897€-01
989€-0}
716E-01
403€E-01
A20E-02
B26E-02
3ABE-03
B876E-02

. B1BE-0Q
. 951E-01
. G&2E-01

0J07E-01
309€-01
814E-01
S2%E-01
038E-01
5<£3E-01
146E-01
7461E-02
B94E-02
B36E-02
430E-02
193€-01
&695E-01
18%€~01
677€-01

STHAINS AND STRESSES

S
-4,
7
4
-2
2
-a.
&
-3
-1,
-1.
-9
-2
2
-9
1.
-2.
-4,
-1
-7.
-1
2.
-8.
1
-2.
-4,
-3.
-b.
-1.
2
-7
1
-2
-2.
-1.
-3.
-1.
2
-7
1
-2
-1,
-1.
-1.
~-1.
3.
=7.
1
-2.
-1.
8
-7.
-1
3.
-7.
1
-2
-.l
1
~7.
-1.
3
=-7.
1
-2

10MA-2

681E+00
R&7E-01
425E-01
208E+00
0S6E+00
J73E+00
A91E+00
195E+01
984E+00
003E+00
821E-02
O97E+0C
643€+00
388E+00
223E+01
373E+01
834E-01
082E+00
168E-01
763E+00
613E+00
140E+00
436E+01
S07E+01
113E-01
S69E~01
020E-01
666E+00
B17E+00
443E+00
396E+01
S4SE+O1
A94E-01
$97g-01
33%€-01
S02E 00
993E+00
301E+00
3I94E+01
SIBE+O1
717€-01
493E-02
&692E-01
369E+00
O47E+00
S0E+00
388E+01
351E+01
482E€-01
624£-02
{POE-02
298E+00
O0731E+00
493E+00
JIB4E+01
S46E+01
347E-01
427€~01
364E-02
207E+00
024E+00
AHLE+00
384£+01
9S9E+01

SIG-THETA

-3.
-1.
-1.
-1.
-1.
-1.
-1.
-9.
-3.
-6.
-b.

-é&
-3
-3

-3,

-4,
-1.
~-1.
-1.
-1.
-9.
-8.
-1
-1,

-4

-6.
-&.
-9.
=-3.
-9

~7.

-9

-1
-2.

-2
-a
-2

-2.
-3
-1.
-3
-9.

bt )

-1,
-1
-1.
-1.
-1

-2

-4,

-3

-3
-6,

-7
-8

1.

&.
-3
-6

=7
-1
-1
-1

727E+00
111E+01
072F+01
069E+01
0AZE+O1
047E+01
00&E+0O1
B8235E+00
141E+00
J04E+00
282F +00
172E+00
934E+00
754E+00
260E+00
436E+00
238€-01
O094E+00
331€+00
2S9E+00
134E+00
IP6E-01
0B4E-01
202E+00
777E-01
&93E-01
107€~-01
177e-01
S74E-01
O019€E-01
931E-0t
474E-01
F68E-02
989E-01
*10E-01
414E-01
300€-01
201E-01
&I1E-01
460€-01
&697E-02
831€-02
209€-~02
044E-01
119€-01
191€-01
A44E-01
963E-01
161E-02
930€-02
213E-02
153E-02
&27E-02
3ABSE-0Q
437E-02
B46E-02
B41E~-03
396E-04
891£-02
286E-03
69E-03
071£-02
456E-02
785£-02

TAU-RZ

FENCOWRURNNNUG=UN~Ar N~

t

1§t
NNOw

[
e-on

NN PNOUOC O NNNGS -

)
NULNBENNLED s

O14E+00
347E+00
402E-01
S30E-02
821E-01
&12E~-01
734E+00
S98E+00
960E+00
13I9E+00
310E-01
3%1E-01
963E-01
672E-01
982E+00
183E+00
060E+00
R435E-01
&71E-01
961E-01
3I24E-01
312E+00
133€+00
&77€-01

. B49E-01

S349E-01
132€-01
936E-01
718€-01
402€-01
163€-01
639E~01
246E-01
143€-02
233E-02
949€-01
893€-01
199€-01
2926-01
240E-02
789€-~-02
014E-01
S94E-02
493E-01
a871E-01
927€E-01

. I11E-0RQ

298E~-02
843E-02
097€E~-04
S28E-03
032€E~-02
164E~02
I2%E-02
299€-02
367E-02
706E-03
1406-02
307€-03
977€-02
470E-02
293E-02
303%€-02
1726-02
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. 771E+01

095E+01!

. 261E+01

071E+01

. S8BE+01

731E+01
134E+01
975E+01
O2VE+02
O33E+02
047E+02

. O32€+02
. 091E+02

712E+01
232e+02
209€+01
003E+02

. 04E+01
. 806E+01
. 801E+01
. 021E+02
. 234E+01

132€+02
2B0E+01
Q42€+01
004E+02
003E+02
@875E+01
033E+02
Q73E+01
141E+02
541E+01
QO9E+02
007e+02
O0AE+02
937E+01
033E+02
J02€+01
1436402
440E+01
998E+01
000E+02
990E+01

. 892E+01

O9E+02

. 22A2E+01

136E+02
4435E+01
O04E+02
O0SE+02
OOAE+02
913€+01
0J4E+02
280E+01
141E+02
4467E+01
993€+01
0O03E+02
O00E+02
888E+013
030E+02
234E+01
13BE+0Q2
43454010




*
L]

NODE

1 -1
2 -3
3 1
4 -3
s S8
6 -3
? -3
e

9

13 -7
14 ~7
1% -7

16 ~7.

17 -6
18 ~7

19 ~6.

20 -1
21 -1}

22 -1

23 -1
24 -1
29 -1
26 -6
27 -1t

a8 6.
29 -7
30 ~1.

31 -1

32 -1.
33 -1
34 -9
3s -1

36 -2

37 -3

39 -6.

40 -8

41 -7
42 -6
43 -7

44 -7

49 -1

4 23
47 -é6
48 -2

49 -2

% -3

51 -3
s2 -3.

%3 -9
54 -7

$S -2
9% -3.
87 -2
90 -2.
39 -2.
&0 -3

&1 -3
o2 ~J
&3 -4
64 1
69 2
66 ~1
67 -4
69 -9
&9 ~o
70 -9
T1 -1
72 -1
73 -3
b E)
78 -9
76 3

77 -8.

78 -4

7% 1.

80 -2

1.
1.
10 2
11 -8
12 -7

DISPLACENMENTS

U
712€-21
420€-23
4027 - 21
J333E-2°
61F-22
&B3E-22
B809E-21
07&6£-20
242E-20
BBSE-20
018E~-02
Sa9E-02
480¢-02
489E-02
09«E-02
S71E-02
310E-02
243E-02
832E-20
405F-07
958E-02
880e-02
669E-02
I9F-02
0455-02
S44E-03
960E-02
100€ -20
137€-03
INF-02
426€~-02
319e-02
132F-02
6£90c~03
J74€E-02
022F -02
J41E-20
301F 03
497€-03
072F-023
716E-03
790£-03
332F-03
937€E 03
041F-02
787e~20
9905 -039
435€-03
88%E-03
032€E~-03
142F - 03
262F -03
129€-03
645E-03
4852-20
786€E-03
1232-03
770£-03
9€8E-03
132€-03
Séz7-923
947e-03
876E-03
298E-20
761E-04
772F 08
06e4E-04
3655-04
SB8E 04
475€~-04
237e-03
440€-03
131€-20
676E-20
070F-20
364E-20
342€-21
420£-20
1950=~-19
S20F-19
26%€-19

-3
-2

-2

-1
-2

-2
-3

-3

-2

1

-1

-1
-2.
-1
-6

-1

-1,

-3

-2
~-1.
-1.

-2
-1

-3

=-1.
-7
-2.

-4

-8.
-1
-4
-4,
2
-1.
-]
-1.
-2.
-8,
-1,
2.
-3.
3.
-9.

-9

-8.
-1.
-2
-9.
9
-3
3.

-9
S

-9,
-s.
-9.
-7.

7

-2

3

-6

-3
-~7.
-3

-2
P

-7.
1.

-2
-6
]

-2.
4
-8.

v

402e-21

$38E-07

042€-0>
621€-02
@43E-02
140E-02
977€-02
937€-02
234€-01

@33E-20
F44E-02
913E-02
L91E-02
877€-02
S24E-02
440€-02
609E-02
516E-01

&£21E-21

407€-03
073E-02
299€-02
306€E-02
014E-02
467E-02
911E-02
027€-01

496E-21

426E-03
909€-03
873€-03
740€-02
193€-03
107€-02
873e-0>
002€-01

904E-21

696E-03
7/2€-03
827:-03
296E-0?
007E-03
959€-02
421E-02
143E-02
1276-21

074€-04
319€-03
60CE-03
483€-03
483€-03
197€-02
771€-02
O41E-0?
384€-21
093E-04
434E-04
947€-04
761€-03
741E-03
932E-0°
927E-02
748E-02
993E-21
724€-04
61%€-0%
947€-04
$87€-03
644£-03
B874E-02
032¢-02
709€-02
789621

744E-04
912€-04
657E-04
149€-03
#63€-03
841E-02
074€-02
794€-02
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